The ability to tolerate salt differs with the growth stages of rice and thus the yield components that are determined during various growth stages, are differentially affected by salt stress. In this study, we utilized chromosome segment substitution lines (CSSLs) from Nona Bokra, a salt-tolerant indica landrace, with the genetic background of Koshihikari, a salt-susceptible japonica variety. These were screened to find superior CSSLs under long-term saline conditions that showed higher grain yield and yield components in comparison to Koshihikari. One-month-old seedlings were transplanted into a paddy field without salinity. These were allowed to establish for 1 month further, then the field was flooded, with saline water maintained at 7.41 dS m −1 salinity until harvest. The experiments were performed twice, once in 2015 and a targeted study in 2016. Salt tolerance of growth and reproductive stage parameters was evaluated as the Salt Effect Index (SEI) which was computed as the difference in each parameter within each line between control and saline conditions. All CSSLs and Koshihikari showed a decrease in grain yield and yield components except panicle number under salinity. SL538 showed a higher SEI for grain yield compared with Koshihikari under salinity throughout the two experiments. This was attributed to the retained grain filling and harvest index, yet the mechanism was not due to maintaining Na + , Cl − and K + homeostasis. Few other CSSLs showed greater SEI for grain weight under salinity compared with Koshihikari, which might be related to low concentration of Na + in leaves and panicles. These data indicate that substitution of different Nona Bokra chromosome segments independently contributed to the maintenance of grain filling and grain weight of Koshihikari under saline conditions.
Introduction
Salt stress is one of many significant abiotic stresses that limit agricultural production (Munns and Tester 2008; Shahbaz and Ashraf 2013) . Rice is highly sensitive to salinity, and growth and grain yield can be seriously inhibited under these conditions (Negrão et al. 2011; Ismail and Horie 2017) . Salt stress can occur in inland regions where soil contains high concentrations of salt and in coastal delta areas via the intrusion of sea water into the fields (Vinod et al. 2013) . Furthermore, in coastal areas, especially the delta regions that are often affected by flooding, rice is the only crop that local farmers can grow regardless of its high salt sensitivity. To make matters worse, recent climate change has been reported to expand the salinization of paddy fields in the coastal areas in south-eastern Asia via sea water flowing back into rivers and irrigation canals. Therefore, a proposed strategy to overcome this problem is to breed salt-tolerant rice varieties to improve productivity in such salt-affected areas and to provide more choices of rice varieties to farmers.
The early seedling and reproductive stages of rice are generally more sensitive to salt in comparison to the vegetative stage. However, varieties that are salt-tolerant at the early seedling stage do not always show tolerance at the reproductive stage Moradi et al. 2003; Singh and Flowers 2010) , indicating that different sets of quantitative trait loci (QTLs)/genes separately contribute to the salt tolerance at each growth stage. During the early seedling stage, maintaining low Na + concentration in shoots is one of the most important traits for retaining growth and increasing the survival rate in rice (Platten et al. 2013; Rahman et al. 2016) . However, despite the importance of ion exclusion (Munns and Tester 2008) , there is no predominant mechanism of salinity tolerance in rice (Pires et al. 2015) . A number of QTLs related to physiological traits have been reported (Gregorio 1997; Prasad et al. 1999; Flowers et al. 2000; Koyama et al. 2001; Bonilla et al. 2002; Lin et al. 2004; Lee et al. 2007; Mohammadi-Nejad et al. 2008; Kim et al. 2009; Sabouri et al. 2009; Thomson et al. 2010; Gimhani et al. 2016; Rahman et al. 2017) including major QTLs for salt tolerance such as SKC1 (Lin et al. 2004) and Saltol (Bonilla et al. 2002; Thomson et al. 2010 ) on chromosome 1. Ren et al. (2005) identified the causal gene of SKC1, a sodium transporter OsHKT1;5 in the SKC1 locus and it is reported to be expressed in xylem parenchyma cells, and retrieves Na + ions from xylem sap under salinity.
The mechanism by which rice grain yield decreases under salinity is thought to be highly complicated compared with that in the early seedling stage. Rice grain yield is determined by panicle number, spikelet number per panicle, grain weight and grain filling (or the percentage of ripened grains per total grains). Salt affects the grain yield by affecting several growth and physiological traits such as tillering, panicle formation, fertilization, production of photosynthate and its translocation to panicles during vegetative and reproductive stages. Maintenance of yield components has also been reported to be attributed to low Na + concentration and Na + /K + ratio in flag leaves (Hossain et al. 2015) , floral parts (Abdullah et al. 2001) and panicles (Asch et al. 1999) . High concentrations of Cl − are also toxic to plants and decrease rice grain yield (Kumar and Khare 2016) , whereas Na + is the primary cause of ion-specific damage in many plants such as rice (Lin and Kao 2001; Tester and Davenport 2003) . However, most research has focused on Na + , with much less attention to Cl − , and thus it is not clear whether Cl − concentration in plants is related to the genetic variation in grain yield and yield components under salinity.
In rice, the salt sensitivity of each yield component differs and is dependent on each individual rice variety as to which component is mostly affected (Makihara et al. 1999; Grattan et al. 2002; Zeng et al. 2002) . This indicates that different QTL/ genes and physiological mechanisms may regulate each yield component under salinity. Although recent QTL mapping studies have reported a variety of QTL using F 2 progeny between salt-sensitive and -tolerant varieties at the reproductive stage (Mohammadi et al. 2013; Hossain et al. 2015) , studies on QTL mapping for grain yield and yield components of rice under salinity are still limited compared with those for salt tolerance QTL at the seedling stage. It also implies the possibility to improve rice productivity under salinity by pyramiding the QTLs for retaining each yield component, although this has not yet been proven genetically.
We hypothesized that a potential number of different chromosome segments improves each yield component independently and overall grain yield in rice under long-term salinity. To test this hypothesis, we evaluated the grain yield and yield components of Koshihikari (a salt-sensitive Japanese leading japonica variety) and Nona Bokra (a salt-tolerant indica landrace) chromosome segment substitution lines (CSSLs) with the genetic background of Koshihikari under long-term salinity. Each Nona Bokra CSSLs (44 lines in total) contains only small parts of the Nona Bokra chromosome, of which the percentage of substituted segment(s) ranges between 2.1 and 11.7 % (Takai et al. 2007) . Each chromosome was covered by three or four lines carrying overlapping segments, except for a small region at the distal end of the short arm on chromosome 1, which was not covered (Takai et al. 2007 ). In addition, genetically nearly homozygous CSSLs enable us to eliminate the genetic variation among CSSLs under non-saline conditions. For this purpose, we used a Salt Effect Index (SEI) for the evaluation of grain yield, yield components and growth parameters (above-ground biomass and harvest index) under salinity by computing the difference in each parameter within each line between control and saline conditions. This equation is adapted from 'Root Plasticity' studies (Sandhu et al. 2016; Nguyen et al. 2018; Suralta et al. 2018) , where the authors used it to calculate the response of root phenotypic parameters to a stress treatment compared to the control conditions. This SEI is effective when comparing responses of various parameters between control and treatment conditions among genotypes in a split plot design experiment with treatments arranged as main plots, whereas the parameters show genotypic variation under control conditions. By comparing the SEI of grain yield, yield components and growth parameters (above-ground biomass and harvest index) between Koshihikari and Nona Bokra CSSLs, we screened for genotypes that maintained grain yield under salinity and determined the causal yield components and growth parameters. Then we determined whether the maintenance of grain yield and yield components in the salt-tolerant CSSLs under salinity was related to the concentrations of Na 
Materials and Methods

Plant materials
The seeds of Nona Bokra CSSLs (SL501-SL544) derived from Nona Bokra and Koshihikari cross (44 lines in total; Takai et al. 2007 ) and the recurrent parent Koshihikari were received from the Rice Genome Resource Center, Tsukuba, Japan. The graphical genotypes of Nona Bokra CSSLs have been published in Takai et al. (2007) and the genotype data were obtained from the website of the Rice Genome Resource Center (2007). They were grown in 2012 for seed increase and the collected seeds were used for this study. All 44 of Nona Bokra CSSLs and the recurrent parent Koshihikari were used for the experiment in 2015, except SL503 and SL516 that grew poorly in the nursery bed and were not transplanted to the fields. In 2016, selected lines (SL501, 503, 507, 511, 522, 524, 534, 538, 539, 541, 542) and Koshihikari were used.
Salt treatment
The ). The salt treatment initiation date was 23 June in 2015 and 21 June in 2016 when plants were 56 and 63 days old, respectively, and were at the active-tillering stage.
After filtering using a 0.22-μm membrane filter, the ion concentration in the saline well water and irrigation water was measured with inductively coupled plasma atomic emission spectrometry (ICP-AES) (IRIS ICAP, Nippon Jarrell Ash, Kyoto, Japan) and ion chromatography for Cl − (Shim-Pack IC-A3, Shimadzu, Kyoto, Japan) [see Supporting Information- Table S1 ]. The salt concentration in the flood water shown in Fig. 1 was measured daily using the above-mentioned portable salt meter before adjusting the salt concentration and expressed as the mean of four different measurements. Additionally, apparent soil electrical conductivity (EC a ) in the top soil was measured at ~5 cm below the soil surface before treatment and 1 month after the initiation of the treatment using a 5TE EC sensor (METER Group, Pullman, WA, USA) and expressed as the mean of six different measurements (Table 1) . To make the regression curve between the EC of the saturated soil-paste extract (EC e ) and EC a , soil was randomly sampled and used for the measurement of EC of 1:5 soil to water extract (EC 1:5 ), which was then converted to EC e using the following equation (Dobermann and Fairhurst 2000) : 
Measurement of biomass, yield and yield components and computation of SEI
The harvested plants at maturity were air-dried in a vinyl greenhouse for 1 month and used for the measurement of panicle weight. Two average-sized hills per plot were then selected to determine each parameter. Panicles were cut at the panicle base and weighed. For grain yield measurement, after all spikelets were separated from all panicles, we separated filled grains from poorly filled and sterile grains using tap water. Then the unfilled or sterile grains were further separated into poorly filled grain and sterile grains using 70 % (v/v) ethanol according to Kobata et al. (2010) . The filled grains with the husk not removed were weighed and the moisture content was measured using a grain moisture tester (Riceter-f, Kett, Tokyo, Japan) and the grain yield was expressed as 15 % moisture content unhulled grain weight. Grain filling (%) was calculated by dividing the number of filled grains by the total spikelet number. The remained above-ground parts were dried at 70 °C for >72 h and used for the measurement of above-ground biomass. Harvest index (%) was calculated by dividing grain yield by above-ground biomass.
Salt Effect Index was calculated using each replicate from the salt treatment and mean values from the control treatment as follows:
where X salt is the individual data of each trait under salt treatment and X control indicates the mean value of the trait among three replicates under control conditions. In 2015, we evaluated the SEI of panicle weight of 42 CSSLs and Koshihikari. The top six CSSLs (SL501, 502, 534, 538, 541, 542) with the highest SEI of panicle weight, the bottom four CSSLs (SL507, 511, 522, 539) with the lowest, and Koshihikari, were evaluated for grain yield and yield components. In 2016, the same CSSLs and Koshihikari were used for analyses except that SL502. SL503 that harbours SKC1 QTL (Takai et al. 2007 ) was also used in the second year to see the effect of the QTL introgression on the grain yield and yield components under salinity.
Na + , K + and Cl − measurement
Shoot parts harvested at about 1 month after heading were separated into leaf blades, leaf sheaths and developing panicles, dried in an oven set at 70 °C for >72 h, finely powdered, and used for ion extraction with 0.1 M acetic acid as described in Platten et al. (2013) . Three average-sized hills per plot were selected and used for measurement. Whole leaf blades, sheaths and panicles were used. The concentrations of cation (Na + , K + ) and Cl − were measured using atomic absorption spectrometry (iCE 3000, Thermo Scientific, Franklin, MA, USA) and ion chromatography, respectively.
Statistics
Statistical analyses were carried out using the R statistical package (R Core Team 2013). Data sets from each year were analysed separately. One-way analysis of variance (ANOVA) was performed to assess the effects of the line, and two-way ANOVA for the effect of the line, the treatment and their interaction. Line and treatment were fixed independent variables. The means of each parameter were compared between Koshihikari and each CSSL using Dunnett's test at 0.05, 0.01 and 0.001 probability levels. Pearson's coefficient of correlation was used for correlation studies described in this study.
Results
Changes in the salt concentration in flood water
In this study, salt treatment was performed by irrigating with a mix of saline well water and irrigation water to maintain the salt concentration in the flood water at 7.41 dS m −1 ; however, the salt concentration fluctuated between 3.91 and 8.71 dS m −1 in most days due to rainfall and/or evaporation of the flood water (Fig. 1) . The salt concentration under control conditions is not shown in Fig. 1 (Table 1 ). Prior to the initiation of salt treatment in the salinity plot, the EC a was higher than in the control plot. This was most likely due to previous years salinity experiments leaving residual salt in the soil.
The major ions contained in the well water were Cl − (8211.47 ppm) and Na + (2344.26 ppm), and they accounted for >90 % of the total amount of measured ions [see Supporting Information- Table S1 ]. The saline well water also contained higher concentrations of B, Ca, Fe, K, Mg, Mn, Si and P than control irrigation water.
Grain yield and yield components
The 2015 experiment was conducted to identify and target the Nona Bokra CSSLs that showed a different response to salinity compared with Koshihikari. We firstly measured the panicle weight of Koshihikari and all the CSSLs, except SL503 and SL516 that grew poorly in the nursery bed and were not transplanted to the fields in 2015. Within the 42 CSSLs, eight late-heading lines (SL509, 510, 519, 520, 521, 523, 526 and 537) showed sterile panicles under both control and saline conditions. Another lateheading line SL508 did not produce any panicle under salinity. Except these CSSLs, the panicle weight of Koshihikari and other CSSLs ranged from 42.86 to 69.96 g per plant under control conditions ( Fig. 2A) . Salt treatment decreased panicle weight in showed a significantly higher SEI than Koshihikari, whereas that of SL522 was significantly lower (Fig. 2B) . Table 2 shows the SEI of grain yield, yield components, above-ground biomass and harvest index of Koshihikari and selected CSSLs under control and saline conditions. We used the top six CSSLs with the highest SEI of panicle weight (SL501, 502, 534, 538, 541, 542) , the bottom four CSSLs (SL507, 511, 522, 539) with the lowest and Koshihikari for comparison. SL503 in 2016 that harbour SKC1 QTL (Takai et al. 2007 ) was also used to see the effect of the QTL introgression on the grain yield and yield components under salinity. Salt treatment decreased the grain yield of Koshihikari and the SEI was −0.621 in 2015 and −0.902 in 2016. In Koshihikari, all yield components except panicle number decreased under salinity, with grain filling reduced most, followed by spikelet number per panicle and then grain weight (Table 2 ; also see Supporting Information- Table S3 ).
Salinity reduced grain yield and all the yield components except panicle number of all the selected CSSLs (Table 2 ; also see Supporting Information- Table S3 ). Regarding grain weight, the SEI of grain yield in SL538 was the highest among the selected lines and significantly higher than that in Koshihikari in both years (Table 2 ). SL541 and 542 also showed higher SEI of grain yield than Koshihikari in 2015.
The yield components, specifically panicle number, grain weight and grain filling showed greater SEI in a number of CSSLs compared with Koshihikari ( Table 2 ). The SEI of panicle number was higher in SL538 and 539 than in Koshihikari in 2015 but they were comparable in 2016. The SEI of spikelet number per panicle was lower in SL522 and 539 than in Koshihikari in 2015. Regarding grain weight, SL501 that harbours Nona Bokra SKC1 QTL showed a higher SEI than Koshihikari in both 2015 and 2016. SL502 and 503 that harbour Nona Bokra SKC1 QTL also showed higher SEI of grain weight than Koshihikari in the experimental year they were used. SL507 also showed a higher SEI of grain weight in 2015 but not in 2016. The SEI of grain filling was higher in SL538 in both years and in SL541 in 2016 than in Koshihikari.
Regarding above-ground biomass and harvest index, the SEI of harvest index was higher in SL538 than in Koshihikari in both years (Table 2 ). SL541 also showed higher SEI for harvest index than Koshihikari in 2016. The SEI of above-ground biomass was comparable among all lines.
ANOVA results revealed that the line had significant effect on SEI of grain yield, yield components and agronomic parameters except panicle number in 2015 and above-ground biomass in 2015 and 2016 (Table 2) (Fig. 3) . In panicles, SL501 and 503 showed a significantly lower Na + concentration than Koshihikari. SL501, 503, 522 and 541 showed higher K + concentration in leaf blades compared with Koshihikari (Fig. 3 ). SL501 and 534 showed higher K + concentration in leaf sheath than Koshihikari. In panicles, most of the CSSLs except SL511, 538 and 539 showed higher K + concentration than that in Koshihikari. SL501 especially showed significantly higher K + concentration in all organs than Koshihikari.
In leaf blades and panicles, Na + concentration was negatively correlated with K + concentration (data not shown). SL501, 503, 522, 534, 541 and 542 showed a significantly lower Na + /K + ratio than Koshihikari in leaf blades and panicles (Fig. 3) . SL501 and 503 showed lower Na + /K + ratio than Koshihikari in leaf sheaths. SL501, 503, 522, 524, 534 and 542 showed significantly lower Cl − in comparison to Koshihikari in leaf blades (Fig. 3) . To see whether the variation in maintaining grain yield, yield components and growth parameters (above-ground biomass and harvest index) under salinity among Nona Bokra CSSLs is related to the variation of salt exclusion ability, correlation analysis was performed between the concentrations of Na + , K + and Cl − and Na + /K + ratio and the SEI of growth and reproductive stage parameters under salinity. Among the Table 2 . Salt Effect Index of Koshihikari and Nona Bokra CSSLs. In 2015, Koshihikari and 10 Nona Bokra CSSLs (the top six CSSLs with the highest SEI of panicle weight, the bottom four CSSLs with the lowest) were evaluated. In 2016, the same CSSLs and Koshihikari were used for analyses except that SL502 was replaced with SL503. Salt Effect Index was calculated using each replicate from the salt treatment and mean values from the control treatment as follows: Salt Ef fect Index (SEI) = (X salt −X control )/X control , where X salt is the individual data of each trait under salt treatment and X control indicates the mean value of the trait among three replicates under control conditions. *, ** and *** indicate a significant difference from Koshihikari at P < 0.05, 0.01 and 0.001, respectively (Dunnett's test). In analysis of variance, *, ** and *** indicate at the 5, 1 and 0.1 % level significance, respectively. n.s., not significant. ** ** * *** ** n.s. *** determined parameters, only SEI of grain weight showed significant correlation (Table 3 ). The SEI of grain weight showed a significantly negative correlation with Na + concentration in all the determined organs (Table 3) . K + concentration and Na + / K + ratio also showed a highly positive and negative correlation, respectively, with the SEI of grain weight in all the determined organs. Cl − showed a significantly negative correlation with the SEI of grain weight only in leaf sheath. These results indicate that maintaining low concentrations of Na 
Discussion
In this study, we used a salt-sensitive Japanese japonica rice variety Koshihikari and a salt-tolerant indica rice landrace, Nona Bokra CSSLs with the genetic background of Koshihikari (Takai et al. 2007 ) for identifying Nona Bokra chromosome segments Figure 3 . Na + , K + and Cl − concentrations and Na + -K + ratio in the whole leaf blades, leaf sheaths and panicles of Koshihikari and Nona Bokra CSSLs under saline conditions. The samples were harvested about 2 weeks after heading in 2016. X-axis indicates CSSL numbers or Koshihikari. Three average-sized hills per plot were used for measurement. Values are mean ± SEM (n = 3). *, ** and *** indicate a significant difference from Koshihikari at 0.05, 0.01 and 0.001, respectively (Dunnett's test). Koshi, Koshihikari. that contribute to the retained grain yield and yield components under salinity. Although each CSSL harbours only 2.1 to 11.7 % of Nona Bokra chromosome segments (Takai et al. 2007 ), they showed a wide range of grain yield and yield component variation [see Supporting Information- Table S3 ]. Therefore, we used SEI which was calculated by comparing each parameter (grain yield, yield components, above-ground biomass and harvest index) between control and saline conditions.
In both experiments, SL538 showed greater grain yield and SEI than Koshihikari under salinity, whereas their grain yields were statistically not different under control conditions (Table 2 ; also see Supporting Information- Table S3 ). Also, SL538 showed greater SEI of grain filling and harvest index than Koshihikari but for the other yield components, SEI was comparable. This result indicates that the introgressed segments of Nona Bokra chromosomes in SL538 specifically function in retaining grain filling and harvest index under salinity, and thus the grain yield was maintained under salinity. Grain filling and harvest index are determined by the percentage of fertilization and remobilization of pre-stored and concurrently produced photosynthates from vegetative tissues to panicles. Also, grain filling is directly linked to panicle fertility and directly affects harvest index. In this study, salinity decreased fertilization percentage in both Koshihikari and SL538; however, the degree of reduction was not significantly different (data not shown). Therefore, this indicated that the greater ability of SL538 to retain grain filling and harvest index under salinity might be related to remobilization of pre-stored and concurrently produced photosynthates from vegetative tissues to panicles. Interestingly, we found that the greater grain yield, grain filling and harvest index of SL538 under salinity was not attributed to maintained Na + , K + and Cl − homeostasis in leaf blades, leaf sheaths and panicles (Table 2; Fig. 3) . Castillo et al. (2007) also reported that the decrease in harvest index under salinity was not attributed to the ionic component of salt stress. Further study is needed to elucidate the mechanism by which SL538 maintained grain filling and grain yield under long-term salinity.
SL538 harbours Nona Bokra chromosome 11 and small parts of chromosome 12, whereas SKC1, a major QTL for salt tolerance (Lin et al. 2004) from Nona Bokra on chromosome 1, is absent in SL538 [see Supporting Information- Fig. S2 ] (Takai et al. 2007 ). SL541 harbouring a part of Nona Bokra chromosome 11 [see Supporting Information- Fig. S2 ] also showed higher SEI for grain filling and harvest index under salinity compared with Koshihikari in 2016 (Table 2) , which indicates salt tolerancerelated QTLs in the overlapped part of Nona Bokra chromosome 11 between SL538 and SL541 at the simple sequence repeat (SSR) markers RM6623 and RM5926 [see Supporting Information- Fig.  S2 ] (Takai et al. 2007) . So far, salt tolerance-related QTLs on rice chromosome 11 have been reported such as that for maintaining grain yield (Tiwari et al. 2016) and that for leaf bronzing (Takehisa et al. 2006 ) under saline conditions. There is no salt tolerancerelated QTL reported so far between the SSR markers RM6623 and RM5926, though OsNHX2 is localized in the region within salt tolerance-related genes (Negrão et al. 2011) . Narrowing down the causal QTLs using SL538 for higher grain yield under long-term saline conditions enables efficient salt tolerance breeding, such as pyramiding with other salt tolerance-related QTLs like SKC1.
We found that SL501, 502 and 503, which share a part of Nona Bokra chromosome 1 [see Supporting Information- Fig.  S2 ], showed greater ability to maintain grain weight under salinity (Table 2) . Grain weight is determined by the size of grain during panicle development and remobilization of prestored and concurrently produced photosynthates from leaf sheaths and stems to panicles during grain filling. The growth stages determining those physiological mechanisms seem somehow overlapped with those for grain filling; however, the CSSLs showing greater SEI in grain weight and grain filling did not overlap. It suggests that the maintenance of grain filling and grain weight under salinity may be controlled by different QTLs and physiological mechanisms. The grain weight SEI had a significantly negative correlation with Na + concentration in leaf blades, leaf sheaths and panicles (Table 3 ). In addition, SL501 and 503 showed significantly lower Na + -K + ratio in leaf blades and panicles than Koshihikari (Fig. 3) . Therefore, the maintenance of grain weight under salinity may potentially be attributed to lower Na + in panicles, leaf blades and leaf sheaths. It was indicated that lower Cl − concentration in leaf sheath may also be related to the maintenance of grain weight (Table 3) . Since Cl − has been reported to have little or no toxicity to rice growth compared with Na + (Lin and Kao 2001; Tester and Davenport 2003) , the result implied the importance of lowering Cl − concentration in those organs. On the other hand, Cl − concentration in leaf sheath was highly and positively correlated with Na + concentration in leaf sheath (data not shown). Therefore, further study is necessary to validate the relationship between Cl − concentration and grain weight under salinity. Fig. S2 ] (Takai et al. 2007) where several QTLs such as SKC1 (Lin et al. 2004; Ren et al. 2005) , Saltol (Gregorio 1997; Bonilla et al. 2002; Thomson et al. 2010) , qSKC-1 and qSNC-1 (Zheng et al. 2015; Jing et al. 2017) are also localized and control the concentrations of Na + and K + and the Na + / K + ratio in shoots. This implies that the introgression of these QTL may confer the ability to retain grain weight under salinity. Further research is needed to determine the causal QTL in the Nona Bokra chromosome 1 for maintaining grain weight under salinity. It also indicates the importance of the identification of QTL for maintaining each yield component and the possibility of QTL pyramiding for increasing grain yield under salinity.
Conclusions
We found that SL538 showed greater grain yield than Koshihikari under salinity, which was attributed to higher grain filling. Also, the greater grain filling in SL538 under salinity might be related to a higher harvest index. The salt tolerance mechanisms in SL538 were not attributed to Na + , Cl − and K + homeostasis in this rice genotype. SL501, 502 and 503 maintained grain weight under salinity compared with Koshihikari, which was related to low Na + concentration in leaves and panicles. This study implies the independent genetic control of salt tolerance of each yield component, and this may not be always related to superior salt exclusion ability. 
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